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SEP 1 1950 
PREFACE 
The tendency for fishes to overpopulate bodies of water, espeoially 
in small impoundments, is one of the major problems in fishery management. 
The great increase in the m:unber of indicviduals results in the fish popu= 
la.tion becoming stunted and undesirable for food or sport. Th.is paper 
discusses laboratory experiments conducted to determine the 0.f'feots of 
selected concentrations of the synthetic estrogenio hormone, diethylstil-
bestrol, upon the guppy, and the possible use of the hormone to control 
fish populations in small impoundmentso 
I wish to thank rrw adviser, Professor W. Ho Irwin, who supervised 
and directed the research. I am also indebted to committee members 
Professors Roy Wo Jones, George A. Moorej Henry L Featherly, and Dariel 
E. Howell for their suggestionso 
Dr. Stanley Wearden, Department of Statistics, Kansas State Univer-
sity, made the statistical analysis of the data. 
Space and equipment used in the study were provided by th.e Zoology 
Department of Oklahoma State Uni.varsity. 
So B. Pennick and Company and Eli Lilly and Company generously fur-
nished the diethylstilbestrol used in the tests. 
Finally, I wish to thank my wife, Louise, for without her assistance 
and encouragement the problem would not have been undertaken. 
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The data presented herein concern the effects of selected concentra-
tions of the synthetic hormone, diethylstilbestrol, upon tile growth, 
behavior, and reproduction of the guppy, I-,ebistes ret icula.~~s {Peters). 
The toxic effects which were observed are also reported. The observa-
tions were restricted to the external effects. The cytological and 
histological changes resulting from treatment with androgenic and estro .. 
genie substances have been rather extensively explored by Berkowitz {1938, 
194l), lver~ole ( 1939 .9 1941 ).s Cohen ( 1946), and others. 
The writer chose this particular problem because he felt that it 
might show, or at least suggest, some possible uses of diethylstilbestrol 
as a. fishery management tool, especially in small impound.ments. Impound-
ments.& particularly small ones, tend to develop large populations of, the 
.fishes which have gained entrance into them, and create a food demand that 
prevents full and rapid growth of the individuals. This results in great 
numbers of fish too small to be of interest either as food or sport o Any-
facrtor which would reduce the nunil:Der of fish present in the impoundment 
would increase the amount of food available to those that remained. The 
writer was interested (1) in finding whether diethylstilbestrol would have 
an effect upon the reproduction without killing an excessive number of the 
fish trea.teq, and (2) at what ©oncentrations reproduction could be sup= 
pressed with a minimum of toxic effects. 
1 
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Restrictions placed upon the use of diethylstilbestrol as a food 
additive, due to its carcinogenic eff~ct, will definitely limit the use 
of the chemical except for experimental purposes, The restri~tions were 
appl,ied by the Food and Drug Administration, under the limitations placed 
upon the use of cancer-producing substances by the so-called Delaney 
clause. These restrictions were announced after the study reported in 
this paper had been completed. 
The following terms as used in the manuscript are defined, 
L Hormone is used to designate the chemical, diethylstilbestrol. 
The American Illustrated Medical Dictionary defines 11 hormone 11 as 11a chemi-
cal substance wllich is produced in some organ and then when transported 
to some other organ produces there a specific effect 11 • This definition 
provides that the substance must be produced within some organ of the 
body, Eli Lilly and Companyj producers of diethylstilbestrol 1 have 
adopted the following terminology concerning this chemioali ''a synthetie 
organic chemical which has hormonal activity11 , The writer has followed 
the common usage of the term "hormone11 as applied to diethylstilbestrol 
in the literature, The terms die·thylstilbestrol and stilbestrol are used 
synonymouslyo 
2. Parts per million of diethylstilbestrol is written as ppm. Under 
the discussion of the toxic:] effects of the chemieal when mixed with aquar-
ium water, ppm refers to the concentration by weight of diethylstilbestrol 
in the water, Throughout the remainder of the paper, ppm is used to refer 
to the concentration by weight of diethylstilbestrol in the food. 
The guppy was chosen as the experimental fish because, first, it is 
small] and consideraple numbers could be used in each test aquarium; 
second, the fish displays conspicuous differences between the se~es; third, 
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it readily continues breeding behavior and reproduction throughout the 
year under laboratory conditions; a.nd fourth, large numbers of fish of the 
various ages and sizes to be used in testing could be raised and kept 
available in brood tanks in the laboratory, 
The study was started in September, 1958, and continued until Sep-
tember, 1959, A National Science Foundation Graduate Assistant Grant 
enabled the writer to devote full time to the problem during June and 
July, 1959, 
CHAPTER II 
REVIEW OF THE LITERATURE 
Diethylstilbestrol, or 4, 4=dihydroxy=a=)3=diethylstilbene, was dis= 
covered by Dodds in 1938, Clinically, it acts like natural estrogens, 
but has some unpleasant side effects. It is not a steroid, cl,nd is 
easily and cheaply prepared from common chemical agentso (Neverla, 1944). 
The hormone has been shown to have a definite effect upon reproduc-
tive processes. Adams (1946) showed that the administration of diethyl-
st.ilbestrol to the salamander, Triturus viridescens, caused atrophy of 
the testes and Wolffian ducts in the male, and hypertrophy of the oviducts 
in the female. Black and Booth (1946) and Morang, et al. (1956) found 
that the hormone caused decreased testes size in chickens. · Westermarch 
and Aaltonen (1950) found it suppressed libido and secondary sexual 
characteristics such as the size of comb ana wattles. Bouvier, et al. 
(1949) secured the same results while working with White Leghorn cockerels. 
Fraps, et al. (1956) found that diethylstilbestrol delayed the onset of 
semen production in male chickens, and caused a reduction in volume when 
semen was produced. Higher dosages were required to impair hatchability 
of the eggso Semen production was apparently more adversely affected 
than was egg productiono 
Sharof and Hafez (1958) reported that stilbestrol prevented pregnancy 
in rabbits when it was administered at any time from mating up to six days 
later, and pregnancy was interruptea when stilbestrol was given to does 
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20 days after coitus. 
Mulligan (1947) showed that the testes» penile sheath and mammary 
glands of male dogs apparently returned to normal following cessation of 
orally administered stilbestrol. 
Roberts (1950) reported that mink, fed chicken heads in which 
diethylstilbestrol pellets had been inserted, bred willingly but did not 
produce kits. 
Peterson and Boyd (1944) mentioned that a number of sterile heifers 
and non-breeder cows were brought into satisfactory milk production by the 
use of diethylstilbestrol» but that others did not respond to the hormone. 
They also stated that the hormone caused a growth of the udders in bulls 
and steersi and that diethylstilbestrol produced heat with ovulation in 
cows. However, spontaneous estrus and ovulation usually occurred in one 
or two weeks following the cessation of treatment. 
Green (1958) discussed the production of gynecomastia in a 3-year 
old boy and pseudoprecocious puberty in his 23-month old sister upon 
exposure to diethylstilbestrol pellets used in "caponizing'1 poultry. He 
stated that the mother also developed an abnormal menstrual pattern from 
contact during washing with the hormone-spatter,ed clothes o Dunn ( 1941) 
:said that stilbestrol induced testicular degeneration in hypersexual 
h1llTlan males;) with a consequent loss of sexual interest. However, behavior 
problems returned following the discontinuance of treatmento 
Diethylstilbestrol has al.so been claimed to have a measurable effect 
upon growth, Black and Booth (1946), Westerrnarch and Aal'tonen (1950), 
and Kelly and Roberts ( 1950) all reported that treated chickens outgained 
·!:;heir controlso Fraps, et aL (1956) stated that in battery caged New 
Hampshire chickens the weight was not affected appreciably at any dosage, 
Lorenz (1945) found that di.ethylstilbestrol caused a marked increase in 
fat content of treated chickens. 
Ferry, et alo (19.51) said that hormone-treated lambs gained faster 
than non-treated lambs in the same fieldo 
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Cohen (1946) found that alpha estradiol benzoate suppressed spermato-
genesis in genetic, immature ma:le platyfish, flat;y:p9ecilus maculatus. 
Young males treated 8 to 12 weeks showed ova in the ovotestes; males 
treated 20 weeks showed no ova, suggesting a decrease of the inhibiting 
effects of the estrogen-o Hamon (1946) reported estradiol benzoate caused 
the appearance of female characteristics in the malej and hastened it in 
the female of Gambusia holbrookio Testosterone propionate inhibited 
growth in the young of both sexesJ and caused the appearance of male sexual 
characteristics in the female. Hildemann (19.54) stated that female sexual 
characteristics may be developed in sexually undifferentiated guppies, but 
not in mature males, by injecting or feeding estrogenso Scott (1944) 
claimed that all estrogen-treated guppies of either sex developed normal 
female-type skeletons, and all pregneninolone-treated animals developed 
normal male-type skeletal structures. 
Berkowitz ( 1938) found that young male guppies injected with various 
estrogens (estrone and estriol) grew in length to exceed normal males, but 
he was unable to signific~ntly modify the seoondary sexual characteristics 
or libido in adult males o Hildemann { 19 54) also says that fems.le sexual 
characteristics may be developed in sexually undifferentiated fish, but 
not in mature males by feeding or injecting estrogens. However JI Berkowitz 
(1941) stated that estrogen feeding checked the color development and 
caused the fading of colors present after three months of treatmento 
The writer was unable to find any studies concerning the comparable 
effects of different concentrations of diethylstilbestrol upon the guppy. 
CHAPTER III 
MATERIA18 AND METHODS 
The fish used for the experiments were guppies, ~ebistes reticulatus. 
The fish were from brood stock kept in the Aquatic Biology Laboratory at 
Oklahoma. State University, and were th@roughly adjusted to laboratory 
conditionso 
The adult brood fish were confined within rectangular nets suspended 
in fifty-gallon tanks (Figo l)o The nets were constructed of nylon 
' 1fish net" o The hexagonal spaces of the net are approximately two milli-
meters in diametero The spaces permitted the new-born fish to escape 
from the adults into the water surrounding the net soon after being born. 
The young fish were dipped out each day, and placed in fifty-gallon 
tanks containing tap water that had first been allowed to stand for 
several days for temperature adjustment and the elimination of chlorine. 
In this way it was possible to produce, and keepJ considerable numbers of 
fish of different known ages available for testing purposes. The water 
containing the fish was maintained at 80 i 5° F., Over 3000 fish were 
used in the course of the different testso 
Du.ring the experiments, the animals were kept in aquaria measuring 
36 centimeters long, 21 centimeters wide, and 24 centimeters deep. The 
aquaria were filled to a depth of about 20 centimeters, giving a volume 
of' app:roximate1ly 15,,000 cubic centimeters of water per tank. A small 
amount of air from a large, centrally located compressor was supplied to 
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Figure 1. Brood tanks in ,,-,hich fish were raised for test purposes. 
Adult fish were confined within the nets. Nei;1-born fish escaped 
through the net-openings into the water outside, from which they 
were removed to separate holding tanks. 
Figure 2. Aquaria in which fish were kept nhile observing their 
rea ctions to the concentrations of diethylstilbestrol used in 
the various tests. 
10 
each aquarii.µn through breaker stones. For most of the tests each exper-
imental group and its control was started with fifty fish per aquariuPt. 
Aquaria used in the weighing experiments were washed and cleaned 
each week. Tap water, which had been allowed to stand in open fifty-
gallon containers for several days to become "condi tioned 11 was used for 
filling the aquaria after cleaning. The period of time between cleaning 
the aquaria used for testing behavioral and reproductive responses was 
sometimes longer than a week. 
Five snails each of three different species ~eliosoma trivolvis 
(Say), Pomacea paludos! (Say), Mel.$.nopsis sp.iJ were kept in each of the 
aquaria to help consume any uneaten food that remained· in the water after 
each feeding" The snails furnished s.ome idea of the effectJ> if any, the 
hormone had on mollusks. The only plant used in the aquaria was Elodea. 
Some., of this plant was placed in each of the tanks to furnish new-born 
young a place of escape from the adult fish. 
The fish were fed daily with a food prepared from o ommercial chicken 
pellets and dried, powdered eggs. These two ingredients were ground and 
thoroughly mixed by running them .several times through an electric coffee 
grinder; using the finest ( 11 drip-g:rliµd. 11 ) adjustment (Figo .3). Extensive 
feeding experiments carried on previo'l:.l,sly by Dr. w. H. Irwin of Oklahoma 
' 
State University (personal communication) had shown this to be a highly 
satisfactqry food for producing and maintaining rapid and vigorous growth 
in the guppy. 
Va.r:ious methods of administering' hormones to fish have been tried. 
Injection was used by Berkowitz (1937) and Eversole (1941). The admin-
istr,ation of the powdered hormone to the water or to the fQod was shown 
to be quite effective (Berkowitz, 1938; Tavolga, 1949; Hildemann, ~954). 
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The injection method was reject!;:)d in these tests, because the time and 
expense involved would nullify any values it might have in fishery manage-
mento The powdered diethylstilbestrol was given to the experimental 
animals by adding it to the finely gr'ound food and shaking the mixture 
vigorously. A stock mixture of one gram of diethylstilbestrol to 1000 
grams 0f fish food was prepared, from which the concentrations desired 
for use in the various experiments could be prepared. 
Because of the number of aquaria used and the time element involved, 
it was necessary to devise some method of measuring the ciuantity of food 
to be given at a feeding, other than weighing the food for the fish in 
each individual aquarium. Dippers were made by brazing:,heavy pieces of 
brass wire to "22 calibre brass cartridge cases (Fig. 5). Such dippers 
assured a quite uniform rate of feeding for each aquarium. The drawing 
of the cartridge feed cup through the food at each feeding also helped to 
ppovide a thorough and continuous mixing of the food and hormone. Sepa·-
rate dippers were made and used for each food jar containing a different 
concentration of the hormone" 
There was no way to be sure that each fish consumed the same amount 
of food and hormone" Tavolga (1948) has shown that" when the water from 
an aquarium in which an androgenic hormone of relatively low solubility 
had been fed is circulated through a filter into another aquarium, the 
same reaction was produced on the fish in the second aquarium as in the 
aquarium to which the hormone had been originally added, 
As a check to see if diethylstilbestrol also went into sufficient 
solution to produce reproductive and behavioral changes, the following 
experiment was set upo Fifty young 1 sexually mature, adult guppies were 
placed in a net 28 centimeters long and 15 centimeters wide (Fig" 4). 
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Figure 3. Coffee grinder used to grind chicken lay pellets into 
fine particles. Powdered egg wa s then run through the grinder 
with the gr anules t o a ssure a uniform mixing of the ingredients 
used in making the fish f ood. 
Figure 4. Arrangement of net f or confining fish when testing to see 
the results of adding small amounts of diethylstilbestrol daily 
to the wa t er. The chemi ca 1, mi xed with fine sand, vm s pla ced 
in the wat er outs i de of the net s . 
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The net was suspended in the water of one of the experimental aquaria to 
a depth of 15 centimeters. Diethylstilbestrol was then mixed with fine 
sand, and added to the water outside the net each day in small amounts. 
The fish inside the net were fed regular, untreated food. These fish 
displayed the same effects as those fed treated food, showing that dis-
solution was in an amount great enough to prcxiuce ·an effect upon tl,.e 
animals. 
Control tanks containing fish of the same age group as the experi-
mental animals were used simultaneously with each experiment . These fish 
were fed at the same rate as the experimental fish, using food from the 
same 11batch 11 j except that the hormone was omitted . 
The fish were fed the same amount every day for the duration of each 
I 
experiment. Any fish that died were promptly removed upon discovery. 
The fish were observed several times a day in order to note and 
record visible changes in sexual behaviors and secondary sexual character-
istics. 
Young fish, new-born to one week old, were used to study the effects 
of d:i,ff'erent concentra .. tions upon the rate of' growtho Replicates were 
used for each concentration tested. Control tanks were also duplicated. 
The fish were weighed at the start of the testing, and e~ch week 
thereafter for a period of seven weeks. The fish of each aquarium were 
wei~hed together, antl the average weight determined at each weighing. 
Weekly weighings of the fish were discontinued after seven weeks, as the 
controls and the fish treated at the lower concentrations started to show 
the size differentiation characteristic of the two sexes. 
The method of weighing described below was based upon a procedure 
developed by Dr . w. H. Irwin of the Oklahoma State University Zoology 
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Staf! during his feeding experiments. This method permitted quite accu-
rate weighing of even new-born to one-week-old fish. 
A small, basket-like container was made from fine-mesh copper screen 
(Fig. 6). A bail wa:s attached so that the weighi•ng basket could be sus-
pended from one arm of a Christian Backer "Chainomatiet' balance. This 
wire basket was "ta.red 11 each time by weighing it three separate times and 
computing an average» following the s~me procedure of wetting and drying 
that would be used in the actual weighing. 
The fish to be weighed in each case were carefully poured into the 
wire container. A damp cellulose sponge was pressed quickly but fir~ 
over the outside of the basket to absorb ariy excess water clinging to the 
wire or fish, The basket was then suspended from the scale balance by 
the bail, and the scale balanced. No attempt was ma.de to read the 
weight registered on the scale until the fish had been returned to the 
water... The weight was then recorded. 
as a result of the weighing procedure. 
No fish w~re observed to be lost 
The .fish were eounted eaeh time 
they were weighed so that the average weight for that test group oould be 
calculated (Appendix D). 
Weight records were also made of some of the fish that had been 
treated, and later returned to regular food for a period of tim:e. Lastly-, 
the fish were compared with the controls to see what effect the returning 
of treateq fish to a regular diet might have, if any, upon the growth. 
In order to check the effect upon reproduction a careful examination 
of each aquarium, both test and control, was made from one to several 
times a day for the presence of new-born young. Care was taken duri~ 
the changing of water to make sure no small fish were overlooked. 
Figure 5. Dipper made from .22 calibre rifle shell, used to 
facilitate the feeding of relatively uniform amounts of the 
diethylstilbestrol-containing mixtures to the fish in the 
test aquaria. 
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Figure 6. Baskets of fine-mesh screen used in weighing the fish 
being t ested. The very small individual s were weighed in the 
small basket t o the right, adult fish in the larger basket to 
the l eft. 
CHAPTER IV 
TOXIC EFFECTS OF DIETHYLSTILBESTROL WHEN MIXED WITH WATER 
The writer was unable to find a discussion of the comparative toxic 
effects of different concentrations of diethylstilbestrol upon fish. 
Berkowitz (1941) used varying dosages and durations of estrogens, includ-
ing stilbestrol~ on the guppy in an attempt to obtain a more complete and 
more consistent sex reversal in the gonad than had previously been ob-
tained. Berkowitz administered the stilbestrol by injection. Fraps, 
et aL (19.56) found that multiple implants of diethylstilbestrol tablets 
in nine-weeks old chickens produced results "l'Jhioh were not in proportion 
to the dosage levels. 
In the current study, tests were run to determine what toxic reac-
tions would be experienced by the guppy when it was exposed for a short 
time to high concentrations of the hormone added to the water. Lower 
concentrations were used in later, more prolonged, tests for determining 
the effects upon behavior, reproduetion, and growth, 
One gram of finely powdered diethylstilbestrol was added to 1000 
oubio centimeters of distilled water to make a. stock solution. The mix-
ture was then shaken vigorously, and enough added to the different aquaria 
to produce concentrations of approximately 1, 5, and 10 parts per million 
in the water. Two aquaria were prepared with each of the concentrations. 
Because diethylstilbestrol is relatively insoluble in water, the actual 
concentration in the water of each aquarium was undoubtedly considerably 
lp 
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less than the 1, .5, and 10 ppm mentioned aboveo These concentrations 
produc,ed severe toxic reactions within a short time, and they were used 
as the upper limits to which the fish were exposed during the following 
testso 
One hundred fifty fish were placed in each aquarium" The fish con-
sisted of two age groups o Guppies, new-born to two weeks old, were placed 
in each of the concen-trations to check the effects upon young fish. The 
adult fish used consisted of young, sexually mature individuals. 
Neither young nor adult fish showed adverse reactions when first 
introduced into the three concentrations o They fed readily, and in the 
~quaria containing the adult fish, sexual behavior appeared to be no dif-
ferent than for the fish in the control aquariao 
Adult guppies react sooner and more violently ·to the presence of the 
' 
hormone than do young fisho No deaths were noted among the young fish 
the first three days in the 1-:ppm concentration} and only a few among the 
adults. Howeverj) 50 of the adults in the 5-ppm, and 51 in the 10-ppm 
eonqentrations were dead by the third day o Only one young fish died in 
the 5-ppm concentration in the first three daysj and only seven in the 
1.0=ppm cone entration o 
Snails (Heliosoma trivol.vi.s) died over·=night in the 5- and 1.0-ppm 
concentrations" Snails of the same species replaced in this water 10 
days later were not killed» suggesting that there had been considerable 
decomposition of the chemical during that length of time, 
Fifty fish were removed from ea.C:Jh of the aquaria after three days 
exposure to the different concentrations and placed in aquaria containing 
fresh, conditioned water. The fish were observed for after-effects 
resulting from exposure to the different concentrations of the hormone, 
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Of the young fish left in the hormone-containing water, only three 
were alive in the lO=ppm concentration, and two in the 5-ppm concentra= 
tion, after a period of 10 days. There was very little difference between 
the lethal effect upon young and adults, as only a few more adults than 
young remained all V'e in either of the two higher concentrations at the 
c:lose of the 10-day periodo 
Several of the adult fish from the 5-ppm concentration had developed 
large hemorrhage spots on their backs and sides by the tenth day (seven 
days after removal from the hormone-containing water). Hemorrhaging 
appeared in some individuals as long as 20 days after exposure to the 
chemical. Death soon followed the appearance of the hemorrhagic condi-
tion. No hemorrhages developed in the remaining fish after 20 days. 
A £ew of lr·~he adult fish developed a wild, 11 oork=sorew 11 swimming 
motion$) during which d!ondi tion they would progress spirally through the 
water ( much like the motion of a swimming Parame@ium). These fish wouli 
then sink to the bottom of the aquaria for a time 9 lie quietly for a few 
secondsp and then again spiral wildly through the water. Death usually 
followed within a period of 24 hourso 
Of the fish left in the l=ppm concentration, many of those surviving 
had becpme thin and emaciated after 20 days exposure in spite of generous 
I 
daily feedings of hormone=free food, The fish which were most emaciated 
rested on the bottom, apparently unable to maintain themselves above the 
bottom of the aquarium, Movements consisted of spasmodic "swimming-in-
place'', during which 'the fish neither rose nor progressed in the water, 
Even among the less severely affected fish, swimming was erratic. 
The fish varied widely in their response to the hormone" While 
some reacted violently and exh:i,bited one or more of the toxic effects 
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mentioned above, others in the same concentration showed little to no 
adverse effects o Also, fish exposed for extended periods to a lighter 
dosage usually developed the same type of severe reactions shown by those 
fish exposed to a heavier dosage for a shorter time. The variation in 
response of the guppies described above agrees with the findings of Adams 
(1946) concerning the ef.feot of diethylstilbestrol on the newt, Triturus 
viridesoens, 
Witschi and Grown (1937), using the androgenic hormone testosterone 
propionate in water with the swordtail, ~J:phophorus helleri, found it 
caused abortion or resorption of the young within one to two days, and 
that all large eggs were resorbed in adult femaleso New-born fish were 
found in the aquaria icontaining both the 1- and $=ppm concentrationt:1 24 
hours after the adult .fish were placed in the water in tests conducted 
with dlethylstilbestrolo The young appeared to be fully-developed, 
healthy individuals. No more young were found in any of the aquaria 
ll:lontaining the different oonoeritrations used in testing, even though many 
of the females were apparently pregnant when introduced into the hormone-
containing water" The writer was unable to find evidenoe that abortion 
had taken place. However, the visible signs of pregnancy (distended 
abdomen~ a dark poate:rio-lateral area or gravid spot on the side of the 
I 
abdomen) disappeared with continued exposure to the different conoen1tra-
tions used. 
When fish were removed to fresh, ~ondi tioned water for six weeks 
after being exposed for three days to concentrations of 1 and 5 ppm the 
' 
survival rate varied but little from that of the control (Table I) Q 
The mortality rate approached fifty percent by the end of six weeks for 
both the young and adult fish exposed to a concentration of 10 ppm, 
TABLE I 
MORTALITY RATE FOR GUPPIES EXPOSED FOR THREE DAYS TO 
CONCENTRATIONS OF 1, 5, and 10 PARTS PER MILLION 
DIETHYLSTILBESTROL IN THE WATER 
Adults !oung -
20 
Number removed Number alive Number removed Number alive 
Concentration to fresh water at the end to fresh water at the end 
after 3 days of 6 weeks after 3 days of 6 weeks 
exposure expomu:re 
Control 50 48 ,o 48 
1 ppm 5o 46 5o 40 
5 ppm 50 48 5o 43 
10 ppm 50 26 50 29 
There seems to be some disagreement as to whether the effect of 
diethylstilbestrol upon fish is a stimulating or a sedative one. Hoar, 
et al. (1955) a,ta.ted that goldfish irmnersed in the hormone were more 
a.otive than untrea.ted fish. Selye and Heard (1943) claimed that stil-
bestrol proved to be a very weak anesthetic for rats, but was compara-
tively much more potent for fish. 
The writer was unable to detect a stimulating effect upon the guppy 
at any of the concentrations used. Fish placed in the different concen-
trations behaved no differently than in the controls, They appeared 
unable to detect the presence of the hormone in the water, even in the 
relatively lethal concentration of 10 ppm, 
Fish exposed to rather heavy concentrations of the hormone for a time 
may appear to be somewhat anesthetized. For example, it was noted that 
treated fish were less prone to attempt to jump from their containers du:r-
ing the weighing or while the aquaria were being washed than wer~ untreated 
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fish, The writer is inclined to believe the lethargy was due to illness 
or a weakened condition caused by the toxicity of the diethylstilbestrol, 
rather than to an anesthetized condition, 
CHAPrER V 
TOXIC CONDITIONS RESULTING FROM MIXING 
J?lETHY,LST;ELBESTROL WITH THE FOOD 
Since the l=~ 5-, and 10-ppm concentrations of diethylstilbestrol in 
water soon produced severe, observable toxic results, the concentrations 
were obviously too great to be used for tests involving prolonged exposure 
to the chemicalo Mixing the powdered hormone with the finely-ground fish 
food was adopted as the most practical method of administering the chem-
ical to the fish in minute and measured amountso Other workers, such as 
Hildemann (1954) and Hamon (1946) found that hormones could be given 
effectively to fish in this way. 
Tests were made with the following concentrations, given in parts 
per million diethylstilbestrol in fish food: 1, 5, 8, 10, 12, 14, 20, 
40, 60, 80, and 100. All tests were started with 50 young, sexually 
mature guppies in each aquariumo One-fourth gram of the hormone-food 
mixture, measured by means of the dippers described earlier, was fed to 
the fish in each of the aquaria once a day. From appearances .9 the fish 
readily consumed most of the mixture within a short time after it was 
placed in the water, Excess food was eaten by the snails kept in the 
aquaria as scavengerso 
It was impossible to tell if the tiny particles of p0wdered hormone 
"'" 
adhered to the finely-ground food and were consumed directly by the fish, 
or whether they dispersed into the water and went,, at least partially, 
22 
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into sblutiono If all of the hormone contained in a day 1s feeding of the 
$-ppm hormone=food concentration were to have gone into solution, the 
water would have contained 8.3 x 1o=ll grams per cubic centimeter of water 
in the aqua.ri um. 
Concentrations of less than 20 ppm showed no significant differences 
in the ·number of guppies surviving over the control. A rather sharp 
ino~ease in mortality ooourred between the 20- and h.O-ppm concentrati.ons. 
There was but little difference between the mortality pr0dueed by the 40-
a.nd 60-ppm con«n:entrations of the hormone o Another sharp increase occur-
red between the 60= and 80-ppm concentrations. One hundred parts per 
million,\) though killing the greatest number of fish of any of the ooneen-
trations tried,\) was only slight4'" more lethal than the 60-ppm concentra-
tion (Figo 7 and 8)0 
In later tests 9 involving very young fish which were fed a 5-ppm 
~onoentration 9 the fish showed little difference in survival rate from 
their 11;1ontrol until about the six.th week of treatment (Figo 9). The 
difference in the survival rate of the very young fish fed a oon.oerntra-, 
tion of 20 ppm became apparent around the third week 0£ £eeding. After 
the seventh week there was only a gradual increase in the numbers dying 
among the fish fed the 20-ppm ~onoentration over those fed the 5-ppm oon-
oentration. At the end of the seventh week» sixty-nine percent of the 
fish fed the $-ppm oonoerit:r.ation were still surviving, while fifty-seven 
' percent remained alive at the end of the thirteenth week. Sixty-two per-
~eµt of the fish fed the 20-ppm concentration were alive at ·the end of 
the seventh week., and forty-eight percent survived at the end of the thir-
teenth week of feedirigo 
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Figure 7. Percentage of adult fish fed concentrations 
of 10 and 20 ppm diethylstilbestrol mixed with their food 
surviving at two week intervals over a period of 10 weeks. 
, Legend 
4ocp· prr:t,,.. - - -- - ....,- - - - - - --.. . . . . / 
60 ppm --- --'-----
80 ppm -- -- -- -- --
1.00 ppm-.,. .... _ - ------
/' 2 4 6 
Weeks of feeding 
8 10 
Figure 8, Percentage of adult fish fed concentrations 
of 40, 60s 80, and 100 ppm diethylstilbestrol mixed with their 
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. Figure 9o Percentage of young (1=7 day old) fish surviving at 
weekly intervals, Diethylstilbestrol was given with the food in the 
concentrations listed in the legend. Regular weekly counting was 
discontinued after seven weeks J> but .feeding of the diethylstilbestrol-
containing food was continued. A final count was made six weeks .fol-
lowing the last weekly count. 
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rapid drop in th.e number of' young fish that survi.ved the first three weeks 
of feeding 1 with nearly fifty percent mortall ty during this time. The 
death rat,e then ran nearly parallel to that resulting from. feeding tH.e 20-
ppm hormone-food. mixture until the seventh week. Only sixteen percent of 
the small fish fed the 100-ppm concentration remained alive by the thir-
teenth week. 
No cases of hemorrhage were found in fish fed hormone-food concentra-
tions of 10 ppm or lHs. One ma.let guppy with hemorrhagic spots was 
observed among the fish fed 12 ppm 89 days after the start of the test. 
Hemorrhagic areas developed on two of the fish fed the 20-ppm concentra-
tion JO days from the first feeding. One of these was hemorrhaging only 
slightly, while the other was severely af:f.'ected, with enlarged, hems.tie 
areas on ,its back and head. In other tests using the 20-ppm hormone-food 
mixture, hemorrhages developed as early as 15 and as late as 88 days from 
the start of feeding. Two fish fed the 60-ppm concentration and one fed 
the ao;ppm concentration developed hemorrhages within 21 days from the 
first feeding. Hemorrhages appeared on the back of one fish 57 dqs:.f-rem 
the start of feeding the 80-ppm hormone concentration. The greater num-
ber of oases of hemorrhage found as resulting from feeding the, 20-ppm. con-
centration was Jppa.rently due to the larger number of fish which were fed 
this concentration in the various tests, not to a greater percentage of 
occurrence at this level. 
·No oases of hemorrhage were found among the very young fish which 
were fed the 5=, 20-, and 100-ppm hormone=food concentrations in the +a,ter 
tests of the effect of the hormone upon the growth of young fish. Hemor-
rhages 'were found only in fish that were mature or nearl;r mature at the 
start of the diethylstilbestrol feeding period. 
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Expos'UI'es for prolonged periods sometimes caused the abdomen to 
become quite swollen and distended. This condition was especially 
noticeable in the males., as it caused them to assume the general appear-
ance of a gravid female. The swollen area appeared to be more toward 
the anterior end than the enlarged abdomen of a pregnant female. Dis-
section of such fish disclosed a large accumulation of fat in the ooe-
lomic cavity. 
~remely thin fish developed in all concentrations from 5 ppm 
upward. In the 5-ppm concentrations a few fish became noticeably thin 
16 days from the start of feeding. The wasted condition of t~e body 
appeared in one of the fish fed.the 10-ppm hormone-food concentration 
within 10 days from the first feeding, The higher concentrations 
resulted in many o~the ~ish becoming quite thin and emaciated. This 
condition was most readily observed in the case 0£ the larger females. 
Sixty days after starting the test, maey of the guppies receiving the 
lOO=ppm mixture had obviously lost much weight, in spit~ of being fed 
regularly each day. By 75 days from the start of the .feeding, most of 
the large fish fed t~e 100-ppm concentration were dead. 
fish were small, weakJ and thin. 
Analysis of Percentage of S,urvival of Fish 
Subjected to Four Levels of Treatment 
The remaining 
A statistical analysis was made of the percentage of survival of 
the young guppies given the $-, 20-, and 100-ppm concentration of 
diethylstilbestrol. 
It was felt the percentage of survival of the fish subjected to the 




Y = percentage of survival at week x 
a and b = constants determined by the level of treatment 
x = week of treatment 
In order to estima. te a and b, the logarithms of the percentages of 
survival were taken, making linear regression techniques possible. The 
I 
estimates are given in Table II. 
TABLE II 
CONSTANTS DESCRIBING PERCEN'l' SURVIVAL OF FISH 




5 ppm • 9026 
20 ppm .9120 






Note that the size of the b constant decreases as the level o.f' 
treatment inc.reases. This !Lndioates that the curves for the higher 
levels of treatment decrease more rapidly through time. In order to 
determine whether the decrease in survival was truly different from one 
level of treatmeµt to another, a test of significance was made on the b 
values while still in the logarithm form, and each curve was found to be 
significantly' different from the others at the .05 level of probability. 
This means that the percent survival follows a different curve for each 
level of treatment, and the curve becomes progressively more steep as 
the level of treatment is increased, 
CHAPTER VI 
LOWERED RESIST~NCE OF TREATED FISH TO COLD 
During the experiments discussed in this paper, the fish were kept 
at a. t·emperature of 80 C 5° Fah:renhei t. Following the conclusion of the 
weighing experiment, the remaining fish used in these tests were moved to 
a room in which the temperature could not be controlled. However, the 
writer continued to feed the guppies the treated food in the concentra-
tions used during the weighing experiments. A sudden fall cold wave 
caused a sharp over=night drop in the temperature of the water in the 
aquaria to about 55° F o The following morning all but one of the fish 
that had been fed the lOO=ppm concentration of the hormone were dead. 
Five were dead in each of the groups fed the 5- and 20-ppm concentra-
tionso There were no dead fish in the controls. The treated fish had 
been fed. the hormone for some five months at the time of the temperature 
drop. 
The above information would suggest that the treated fish had a 
lower resistance to cold than did the untreated fish. There is a possi-
bility that the .fish might also have a lowered resistance to other stress 
in the environment as a result of exposure to dietb;rlstilbestrol. 
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CHAPTER VII 
THE DEVELOPMENT OF TOLERANCE TO DIETHYLSTILBESTROL 
FOLLOWING PROLONGED TREATMENT 
Fifty adult males were placed together in an aquarium, and fed fish 
food containing 20 ppm diethylstilbestrol. At least one of the various 
debilitating conditions described earlier in this paper (looomotor ataxia, 
hemorrhage, emaciation, etc.) occurred among the fish at some time during 
the first three months of the treatment. Twenty-one of the $0 remained 
a.live at the end of the third month. There were no bright sexual colors 
among the .fish. Th0ugh consid,erable "homosexual" behavior had been 
observed between the males during the first few weeks of the test, no 
such behavior was in evidence at the end of the third month. 
Three months later (six months following the beginning of hormone 
administration) 10 fish remained alive. The fish h.a.d a feminine shape 
and were considerably larger than normal males, averaging ·4260$ milli-
grams, compared to an average of 1$0 milligrams for oontrol males. All 
appeared to be in e_xoellent health. The ehara.oteristio bright male 
colors had returned, along with renewed sexual interest. Some of the 
males again pursued other males and thrust at them with their gonopodia. 
No deaths occurred during the last six weeks. 
The reappearance of sexual coloration and mating behavior, and the 
', 
lack of visible toxic reactions among the persisting fish, even though 
they had been fed from the same hormone-containing mixture through the 
31 
l:'lix-mop.th period, suggests the development of a tolerance toward diethyl-
stilbestrol (at least the 20-ppm concentration) following prolonged, eon-
tinuous exposure of fish which were mature adults when the treatment was 
begun. 
Feeding of the 20-ppm concentration Of the chemical to sexually 
undifferentiated guppies produced somewhat different results~ One hun-
dred young, immature guppies were treated for over six months. As in 
the ease of the adult fish mentioned above, none of the 20 fish t~at 
survived displayed any visible ill effects from the prolonged exposure 
to the hormone. All appeared to be in excellent condition. However, 
no male oha.racteristios were visible among any of the fish. All 20 
appeared to be females. Evidently the estrogenic influence of diethyl-
stilbestrol was great enough to prevent sexual dimorphism. 
The writer believes the inhibiting effect of the chemical upon the 
undeveloped testes of the young males prevented the production of the 
hormones influencing colorj ma.le body. shape, and gonopodium in sufficient 
amounts to bring about the appearance of these 0haracters. 
CHAPTER VIII 
EFFECTS OF DIFFERENT CONCENTRATIONS OF DIETHYLSTILBESTROL 
UPON SEOONDARY SEXUAL CHARACTERISTICS 
AND REPRODUCTION OF ADULT GUPPIES 
The males of the guppy are very conspicuously colored. The anal 
fin is modified into a gonopodimn. Females lack the bright colors, have 
no gonopodia, and are normally larger than the adult males. Usually the 
pregnant females can be readily recognized by the presence of a dark area 
on the side of the abdomen, which some authors (Berkowitz, 1938; Hilder'--, 
mann, 1954) have referred to as the "gravid spotn. 
Aronson and Clark (1951) stated that 
One of the most striking features of the sexual behavior in this 
species is the manner in which the males consistently pursue the females, 
and the great frequency with which the males jab at the genital regions 
of the females with a momentary thrust of the highly modified anal fin, 
or gonopodi um. 
The female breeds when dne inch long and the male when three~fourths 
inch long. The sexually mature adult female ha.s broods every four weeks 
or so (Axelrod and Schultz, 1935). A single mating ma.y furnish four or 
five broods. Division of size appears at a.b9ut 35 days. The gonopo-
dium becomes noticeable in approximately 40 days and coloration $0 to 60 
days after birth (Berkowitz, 1938)0 
The above characteristics of the guppy were used in comparing the 
effects upon secondary sexual characteristi.os --of·t·he·-·c-omrentra.ti-ons of 
diethylstilbestrol used in the various tests. Concentrations of,~ 8, 
J2 
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10, 12, 14, and 20 ppm were tried, in an attempt to determine (1) the 
approximate level at which changes could be produced, and (2) the effect 
upon the production of young, first, during the administration of the 
hormone and, se~ond, upon discontinuing the feeding of the chemical. 
A~l fish used in these experiments were removed from the same brood 
tank and divided at random into aquaria. Fifty fish were used in each 
test group. Replicates were not made due to the lack of sufficient 
aquaria and aquaria space. Feeding of the concentrations mentioned was 
continued for 100 days. The fish were then returned to regular food 
for 100 days • 
Five Parts Per Million 
A hormone-food concentration of 5 ppm had no visible effect upon 
either the secondary sexual characters or the behavior of sexually mature 
fish. There was no fading of the distinctive male coloration. The 
males actively pursued the fema1es throughout the treatment, and the pro-
duction of young was not inhibited. 
Eight and Ten Parts Per Million 
The adult males fed the 8- and lO=ppm concentrations were onl:y 
slightly colored after 75 days of treatment& During this time the 
characteristic colors had gradually faded until they were almost absent. 
This agrees with the findings of Berkowitz (1941), who reported that 
estrogen feeding inhibited further development of color and that, after 
three monthsj fading oo~urred. 
The gonopodium, once established, was not aff~oted. In the above 
test group~ sexual activity, in the form of the males pursuing and 
34 
thrusting at the females with their gonopodia, was almost absent after 
7$ days of treatment. What little sexual activity was observed lacked 
the aggressiveness seen among the fish in the control aquaria. . Some of 
the ma.lea had assmned the typical shape of a female. 
Thirty days after returning the fish to the regular food the oolors 
of :the males were obviously more intense than when the regular feeding 
was resumed. .Sexual behavior appeared to have r 1eturned to near normal 
within fifty days after discontinuing the hormone feeding. 
Twelve and Fourteen Parts Per Million 
Sexually mature male fish fed the 12- and 14-ppm diethylstilbestrol-
food mixture had very little bright coloration after 7$ days -of feeding. 
Sexual activity had almost entirel;y ceased. Some of; the males fed this 
concentration still retained a faint coloration at the end of the 100-day 
hormone feeding period. The colors had increased slightly by 42 da:ys 
after resuming regular feeding. Males had by this time started to dis-
play renewed interest in the females, although the pursuit behavior 
lacked the vigor found among the control animals. 
Twenty Parts Per Million 
The bright Qolorsj of the adult males fed the 20-ppm concentra-
tions, had completely disappeared within 7$ days. Sexual behavior had 
ceased to be evident. 
Only faint coloration was noticeable among the males 40 days after 
resuming regular food. Males displayed practically no interest in the 
females at this time. By $6 days ooloration was only slightly more 
intense. Some of the large» faint4,r-colored, fem!l.le-shaped males 
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exhibited an active mating behavior, pursuing the females aggressively, 
Higher Concentrations 
Fish were :fed the higher concentrations tasted (40, 60, 80, 100 ppm) 
for only 50 days~ at which time regular feeding was resumed. 
Among the fish fed the 40-ppm concentration and higher of the hor;.. 
mone, sexual activity had ceased by the forty-third day, and the bright 
colors of the males had faded by the forty-seventh day. Seventy-five 
days after returning the guppies to regular food, the male coloration 
had started to return, but was still faint, By 100 days after the dis-
continuing of the hormone feeding, most of the males ha.d assumed what 
appeared to be the normal bright colors, Some males, even during this 
length of time) had developed very little color~tion, A few large, 
1r::wlorless 9 female=shaped fish could be recognized as males by the pres-
ence of the well=developed gonopodiao 
Inhibition of Reproduction in Adult Guppies 
When Fed Diethylstilbestrol 
All concentrations of 8 ppm and above had an inhibiting effect upon 
the production of youngo The product.ion of young following the return 
of the guppies to regular food was delayed, The inhibiting effect of 
the concentrations of diethylstilbestrol upon the production of young is 
shown in 'l'ables(l:II.:1and IV. 
At least one new-born young was found among each of the test groups 
during the first 30 days following the start of the tests} except those 
fed the 40=ppm concentration. Young we:re born 46 days from the start 
of the test in the aquarium containing the adults fed the 8-ppm concen-
tration. No young were found after the first JO days among fish fed the 
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10- to lOO=ppm concentrations of diethylstilbestrol, nor among those fed 
8 ppm after 46 dayso 
Young fish were first found among the guppies which reeei ved the 14-
ppm concentration 64 days after discontinuing the hormone in the diet, 
one day later among those receiving the 12 ppm., and three days later 
among those given a diet containing 8 ppm diethylstilbestrol. Ninety-
one days after dis~ontinuing the hormone young guppies were born in the 
aquaria containing the fish that had received a concentration of 60 ppm 
and appeared four days later among the fish that had received a concentra-
tion of 20 ppm (Tables '.III ,sJniI]V) o. 
1: 
The experiment was terminated 100 days after discontinuing diethyl-
stilbestrol ih the diet. 
TABLE III 
THE INHIBITING EFFECT OF DIFFERENT CONCENTRATIONS OF DIETHYI.STILBF.STROL 
DURING ADMINISTRATION UPON THE PRODUCTION OF YOUNG 
-BY SEIUALL'Y MATURE ADBLT -GUPPIES 
Number of young. produced and days from first feeding 
young appeared in aquarial 
Days -from· start 
of test2 Control 8 10 12 14 20 40 60 80 
30 35 4 J l l l 0 7 10 
46 9 3 0 0 0 0 0 0 0 
.51 10 0 0 0 0 0 0 0 0 
7J 6 0 0 0 0 0 0 0 0 







· ·lThe · concentration of diethylstilbestrol powder mixed with the food is expressed in parts 
per million. The fish were fed o. 25 gram -of the mixture each day. 
2Fish listed on the first date were born at some time during the JO-day period. The 




THE INHIBITING EFFECT OF DIFFERENT CONCENTRATIONS OF DIETHYLSTILBESTROL 
FOLLG!JING: DISCONTINUANCE OF TREATMENT UPON THE PRODUCTION 
OF YOUNG BY SEXUALLY MATURE ADULT GUPPIES 
Length of time before treated fish produced young following 
discontinuing of hormone administration* 
··---·.,·~· 
Days after 
returning -to Control 8 10 12 14 20 40 60 80 
regular food** -
JO 2 0 0 0 0 0 0 0 0 
50 l 0 0 0 0 0 0 0 0 
.$8 0 0 0 0 2 0 0 0 0 
64 0 0 9 0 0 0 0 0 0 
6'5 l ·o 0 4 --o 0 0 0 0 
67 0 1 0 o. 0 0 0 0 0 
91 0 0 0 0 0 0 0 3 0 










*The concentration of diethylstilbestrol powder given the fish is expressed in parts per 
million of regular fish food with which it was mixed. 
**The experiment.was discontinued after young fish were found among the adults that had 




THE EFFECTS OF DIETHYLSTILBESTROL UPON THE GROWTH OF VERY 
YOUNG GUPPIES AND THEIR REPRODUCTION WREN GROWN 
The following experiments were conducted to determine the effects 
of diethylstilbestrol upon the growth of young, irnma,ture guppies and 
upon their later reproduction. 
old at the start of the tests. 
The fish used were one to seven days 
Duplicate aquaria. with 50 fish each 
were set up for the eont:rol and each concentration used. 
Three concentrations of the hormone were chosen for the tests; 
$9 20, and 100 ppmj mixed with the finely-ground food. The' fish in 
each aquarium were fed approximately 0.25 gram of the hormone-food 
mixture each day. Measurements of the amount of food given was :made by 
means of the dippers described under Materials and Methods. 
A concentration of 5 ppm was ohosen as the weakest mixture to be 
used, because earlier tests upon adult fish had shown this concentration 
to have very little effect upon survival and behavior. 
A mixture containing 20 ppm was used be.cause the results of previous 
tests suggested that this level of ooncentration, while being more text~ 
than lower oonoe.ntrationa, was necessary to insure suppressien o:f Hxual 
behavior and reproduction. 




Five Parts Per Million 
The fish fed the 5-ppm concentration were quite varied in size by 
the end of the second week of feeding. Some appeared to have grown only 
slightly. Most of the fish appeared to be in excellent condition. One 
very thin fish was ob served in each replica ta. These two fish died 
within a few days. 
Ten fish in Replicate Number 1 and seven in Replicate Number 2 had 
grown only slightly by the end of the fifth week of feeding. Only one 
fish appeared to be ill. All others were vigorous and active, and gave 
no indication of adverse toxic reaction to the presence of the hormone. 
Several fish still showed very little increase in size., over that at 
the start, af'ter 7 weeks of feeding. Many 0f the other fish had grown 
very :rapidly, exceeding the size attained by the fish in either the con-
trol or other test aquaria, 
The average increase in weight per fish throughout the 7-week feed-
ing period was continuous and relatively uniform (Fig. lo). The average 
weights of the fish consistently exceeded that of all other fish tested, 
including the Control. No period of weight loss» or period of no gain, 
' 
occurred as was found at the 20- and 100-ppm levels. 
Only one fish displayed conspicuous symptoms of toxicity at the last 
weekly weighing period. This fish exhibited the loo omotor trouble 
described earlier under toxic effectso 
Some males could be distinguished from females at this time. The 
larger males were uncolored,, but had rather well-developed gonopodia. 
The largest male 9 though lacking coloration, was seen actively pursuing 
one of the larger females. 
Regular weekly weighing was discontinued after the seventh week, 
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because sexual dimorphism was becoming apparent. Feeding of the 5-ppm 
concentration was continuedJ and a final weighing was made six weeks 
later. The males and females could then be distinguished, and the sexes 
receiving this concentration ware weighed separately to find· thEiL average 
weight for each sex" 
The average weight of the females was considerably higher at the 
end of 13 weeks from the begint1ing than that of either the control or 
the other treated animals of ei't,her sex. The average weight of the 
males exc·eeded the average weight of all other fish tested, including 
the females of the control group (Appendix D)o 
The largest males had not developed norm.al coloration, but could be 
separated from the females by their gonopodia and sexual behavior. The 
smallest males had the most brilliant colors. Only one very thin fish 
was found. No other evidence of toxic reaction was seen, and the 
remairl,der .of the fish appeared to be in excellent condition. New-born 
young were found in both replicates at this time, 
Twenty Parts Per Million 
Fish fed the 20=ppm concentration~ while not gaining as rapidly as 
those fed the !5=ppm mixture 9 had a greater average percentage of growth 
during the first week than did th.ose in the control (Figo lo). 
There wa:s a very small percentage of gain in weight during the sec-
ond week of feeding. This can be at least partly explained by the fact 
that each replicate at this time contained a number of fish that, though 
still alive, showed severe toxic effects to the hormone, and had become 
thin and emaciated" The remainder of the fish displayed no ill effects" 
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Figure 10. Percentage of gain over starting weight of 
young fish (1~7 days old) fed diethylstilbestrol-containing 
food in the concentrations listed in the legend. Regular 
weekly weighing was dispontinued after seven weeks, as the 
control and fish fed the 5-ppm concentration were beginning 




alive at the time of weighing. The inclusion of the emaciated individ-
uals mentioned above resulted in an average percentage of gain that was 
only slightly above that of the previous week. 
There was an abrupt increase in the average weight of the fish fed 
the 20-ppm concentration during the third week. Most of the thin fish 
that were included in the average weight the week before were now dead, 
while the majority of the remaining fish appeared to be healthy. 
The fish made practically no gain in weight during the fourth week 
of feeding. A number of the fish had reacted to the toxic effects of 
the chemical, and were in poor physical condition. In addition to the 
presence of some very thin fish, several of the smallest had turned 
extremely darkj a condition past experience had shown thatj while not 
necessarily due to the hormone, was soon followed by the death of the 
fish. 
The percentage of weight increase rose abruptly from the end of the 
fourth week and passed that made by the control during the fitth week. 
All remaining fish appeared to be in excellent condition at the last 
weekly weighing period. 
Only one fish had developed any of the characteristic male oolor by 
the end of seven weeks of feeding the 20-ppm concentration of the hormone, 
This .fish appeared to be a female. No fish that could be distinguished 
as a male by the presence of a gonopodiu.m had developed the norm.al colora-
tion expected. No sexual activity was noted. 
As in the fish i'ed the $-ppm hormone-food. mixture, regular weekly 
weighing was discontinued at the end of' seven weeks. Feeding of the 20-
ppm concentration was continued for an additional six weeks. The fish 
were then weighed £or the last time. All fish had developed a more or 
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less feminine shape, and it was impossible to distinguish the males from 
the females by shape, color., or behavior, For this reason, all fish 
were weighed together, and the total average percentage of gain calcu-
lated (Appendix D). This percentage was considerably less than that 
made by ·either the males or fens.las of the fish fed the $-ppm concentra-
tion or the females of the control? 
One aundred Parts Per Million 
Young guppies given food containing 100 ppm diethylstilbestrol 
gained. weight at a slightly higher rate than those given 20 ppm o:£ the 
hormone during the first week. The average weight at the end of the 
second week showed a ,substantial loss ~of weight over that of the first 
weighing period. Several fi°sh exhibited the locomotor difficulty 
described earlier. Eash replicate also contained at least six very 
small, thin .fish. 
A marked increase in weight occurred during the third week of feed-
ing 1 similar to that which took place during the sane week o.f feeding the 
20-ppm concentration. It was noted that most of the sickly fish present 
the previous week were gone, which no doubt was the reason for the rather 
large increase in average weight. The survivi~g fish appeared to be in 
excellent health. They were. of a rather uniformly small size, showing 
muoh less variation between the largest and smallest fish than was found 
among the fish of the control or those fed the$- and 20-ppm oonoentra-
tions. 
An even greater loss o.f average weight occurred during the .fourth 
week of feeding than took place during the second week. Several ex-
tremely thin fish were present among those weighed at this time. 
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A slow but steady increase in average percentage of gain took place 
during the fifth and sixth weeks of feeding. However, a loss from the 
previous week took place during the seventh and last week of regular 
weighing. 
No sexual dimorphism was evident among the fish, and males could 
not be distinguished from the females, All fish had a juvenile appear-
ance. Feeding of the hormone was continued, but weekly weighing was 
noto Six weeks later the surviving fish were again weighed to find the 
percentage of gain o The fish were weighed together, as the sexes could 
not be distinguishedo The retaro.ing effect of the 100-ppm concentration 
of the diethylstilbestrol was, so pronounced that the fish had less than 
doubled their starting weight in over 90 days. 
Analysis of Gain 
An analysis of variance was conducted on the gains of the fish on 
the four treatments over seven periods encompassing 49 days. The anal-
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**Probability less than .01 of chance value this large 
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The fact that the periods are significantly different is merely a 
reflection of the growth curve. The significance of the replicate mean 
square is an indicat.ion that there was a detectable lack of uniformity 
between the two groups of fish receiving the same treatment. The main 
purpose of the analysis, however, was to determine whether the treatments 
affected gain differentially. The fa.ct that the treatments mean square 
is significant is certainly a ~trong indication that this is the case. 
Since the analysis of variance leads to the conclusion that there 
are differential treatment effects, it is desirable to determine which 
treatments are different with respect to gain. Table VI presents the 
mean differences between all pairs of treatments and indicates which dif-
ferences are significant. 
TABLE vr 










13 .. 44** 
"''*Probability less than .01 of chance difference this large (LSD .Ol = 
7. 79). 
The analysis of va.:riance indicated there were differenoes among the 
treatment means., therefore the Least Significant Difference at the .ol 
level of probability (LSD. 01 ) was used to detect the differences. It 
indicates that the gain was significantly lower for those .fish receiving 
lOO ppm irrespective to the group with which they are compared. However, 
the differences among the other groups ,$.re so small that they must be 
attributed to chance. 
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CHAPTER X 
GROWTH RESPONSE OF ADULT GUPPIES WHEN RETURNED TO A REGULAR 
DIET FROM DIETHYLSTILBESTROL-OONTAINIR'l- FOOD 
The following test was made to determine if size changes would ooour 
among a~ult fish returned to a regular diet; after having been fed hor-
mone-containing food for 75 days. Mature adult fish were used in the 
test. Weights were ma.de 100 days a~er the diethylstilbestrol mixture 
was discontinued. Males and females were weighed separately. 
Adult males of all treated groups exceeded the size attained by the 
males in the controls. The greatest weight average was attained by 
those fish that had received the 20-ppm level of concentration of di.ethyl-
stilbestrol powder in their food. The average weights for each treated 
group are given in Table VII. 
A limited number of tests were conducted using a prepared diethyl-
stilbestrol-qontaining material supplied by the Eli Lilly Company, called 
STILBOSOL. The material was designed as an additive to livestock food. 
The STILBOSOL was diluted with fish food to obtain the concentration of 
diethylstilbestrol listed in Table VII. The greatest increase in average 
weight in males fed STILBOSOL occurred among those fed a concentration of 
JO ppm diethylstilbestrol in their food., fellowed by those ·given f0od 
containing a 20-ppm concentration. 
The average weight attained by the females was inv1;3rsed to th.at 
attained by tne ma.lea. The higher the oonoentration used, the lower the 
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average weight of the females (with one exception). Fraps, et al. 
(1956) found that, in general, when diethylstilbestrol was administered 
to poultry, the adverse effect upon semen volume increased with the 
increasing dosage. Though the semen production of the treated fish was 
not known., the greater number o:f pregnant females among both the controls 
and the fish receiving the lighter concentrations of the hormone would 
suggest that the findings of Fraps might also be true for guppies. 
TABLE VII 
ni 
GROWTH RESPONSE OF ADULT MAn,e; AND FEMAIE GUPPIES FED VARIOUS CONCENTRATIONS 
OJJ' DIETHYlSTfLBESTROL WHEN RETURNED TO REGULAR FOOD 
The fish were mature adults at the s.tart of the test. The ooncentrations 
listed for each group were fed for a period of 75 days. The weights 
given are the average.weights for each test group 100 days after 
being returned to regular fish- food. Weights are given in 
milligrams. 













Diethylstilbestrol powder mixed with food 
18 . 165.9 21 
22 201~6'' 20 
22 242.2 11 
26 · 2.3.3.9 17 
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1sTILBOSOL is a. product of the Eli Lilly Company. It is a diethylstilbestrol-containing 





Evidenee obtained from the study would indieate that diethylstil-
bestrol has only a limited value in fishery management. 
Although fish given food co'4taining the lower concentrations of the 
hormone outgained the controls, the increase in weight was prim.ari]¥ due 
to the greater size attained. by the males, which tended to assume the 
larger configuration of the f'emales. In those species of fishes having 
no difference in size between the sexes, or in species in which the male 
normally exceeds the female in size, the estrogenio effect cf the hormone 
would be of doubtful value in producing greater growth. It might result 
in an actual deserease in the average size attained by the fish. 
Diethylstilbestrol inhibited sexual behavior and the production of 
young in the guppy. The most effective level of concentration for this 
purpose was about 20 ppm in the food. Lower concentrations did not 
necessarily stop reproduction or sexual behavior completely. Field tests 
would be necessary to determine if reproduction of the larger species of 
fishes, such as are used in small· impoundments, are affected at the same 
level 0£ oonoentration as the guppy. 
Heavy ooncentratians of the hormone, while exerting a inhibitive 
effect upon reproduction, also have a stunting e.1'.f'eot upon members of 
both sexes. Heavy concentrations also have a detrimental effect upon 
the health a.nd. survival o!:theLi':tah. 
52 
Powdered diethylstilbestrol did not appear to lose its strength 
when mixed with the finely ground fish .food during the period of study. 
The bright oolors of adult ma.le guppies faded as readily when fed mix~ 
tures which had been stored for six to eight months as when they were 
fed freshly prepared concentrations of diethylstilbestrol and fish food. 
However, to avoid a possible loss in ef'feotiveness due to 1storage, eaoh 
test was $tarted with new preparations. In tests that ran for an 
extended length of time, the old dietl:'zy"lstilbestrol-food mixtures were 
replao_ed by fresh preparations each three months. 
It would be worthwhile to study the effect of the hormone in rela-
tion to its ability to inhibit reproduotion in small impoundments. Fish 
suoh as the bluegill, Lepomis m.a.cnroohirus Rafinesque, which comm.only 
overpopulate ponds, would be especially vulnerable to the effects of the 
hormone during the spawning season. Dr. Roy W. Jones (personal oommuni-
ca.tion) found that a concentration as low as one-tenth part per million 
of diethylstilbestrol in solution would stop mitosis in the developing 
embryo of' the zebra fish, Braohydanio !'..!!!.!. As bluegills nest in col-
onies, with the nests practically touching (Beckman, 1941), spreading of 
the hormone-containing food over the spawning beds would not only inhibit 
the produoti~n of eggs and sperm, but would further reduce numbers 
through the effect U:pon the mitotic prooesses of' the developing embryos 
by the chemical disso~ved in the water. 
Altman (1959) showed that fish maybe concentrated in certain 
selected areas of a pond by the use of' commercial lay pellets. Stomach 
analysis proved the fish to be consuming the pellets introduced into the 
water. The writer had hoped that, as the chemical has an inhibiting 
effect upon the production of young, dietl\rlstilbestrol could pe added to 
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the food before compressing it into pellet form, and the hormone-
containing pellets fed in selected feeding areas of a pond to help keep 
the numbers in check, Howeverp since the study discussed in this paper 
was ma.de~ diethylstilbestrol has been shown to be a carcinogen. As a 
carcinogen, the chemical .falls within the ban of the so-called Delaney 
clause which is set forth in Section 409 (c) (3) (A) of the Food Addi-
tives .Amendment to the Federal Food, Drug_, and Gosmetii0 Act. Under such 
tircumstanoess the Department of Health, Education, and Welfare of the 
Food and Drug Administration can no longer authorize the use of diethyl-
stilbestrol as an additive to human or animal food. 
The limitations placed upon the use of diethylstilbestrol would 
seriously restrict, if not eliminate, its use as a part of fish food to 
control populations, especially if the fish were being used for food as 
well as sport o 
The data presemted in t,his study suggest that excessive numbers of 




1. The results of a study of the effects of the synthetic organic 
chemical, diethylstilbestrol, upon the guppy, Lebistes reticulatus, .with 
special r,eference to the effects of ~ifferent concentrations upon growth, 
sexual behaviorJ and reproduction are presented. The toxic effects of 
the different ooncentrati'ons are also reported. 
2. The hormone was found to produce several severe toxic conditions, 
especially at aoncentrations above 20 ppm in the food. Included among 
the pathological conditions were hemorrhage, locomotor trouble, emacia-
tion, and fatty deposits in the ooelomic cavity. 
). A $-ppm concentration of the hormone in the food increased the 
rate of growth of young guppies. Relatively little toxicity was found 
and sterility was not produced among the fish treated at this level. 
4. A concentration of about 20 or more parts per million stopped 
or inhibited reproduction and sexual behavior. Some toxic effeots were 
noted at the 20-ppm level of concentration. 
~. Adult male guppies which had lost their bright colors and libido 
following three m.onths-:o:C :r!:)ceivibg' :l)!)le 20,-_ppmi,c,oncenjrat;Lon.;,- regained 
their color and sexual interest three months later, in spite of continued 
administration of the chemical in their diet. Young, immature fish fed 




6. Inhibition of normal male coloration was not necessarily a con-
comitant of an inhibition of sexual behavior. 
7. Young fish fed food containing 20 ppm diethylstilbestrol did 
not gain as fast as those fed the 5-ppm concentration, but did outgain 
the control aniJTJp.ls over a 7-week period. 
8. A concentration of 100 ppm of the hormone in the food had a 
definite retarding effect upon the rate of growth of young fish. Con-
siderable numbers of the test fish were lost at this level of concentra-
tion, due to the toxic effects of the hormone. 
9. Stopping of the reproductive behavior and the production of 
young was not permanent, even at the higher levels of concentration. 
The production of young was renewed several weeks following the discon-
tinuing of diethylstilbestrol administration. 
10. Government restrictions upon the use of diethylstilbestrol, due 
to its carcinogenic effects, and the limitation of the use of the chemi-
cal as a food additive is discussed. 
11. The results of the study suggest that the populations of small 
impoundments can be partially controlled by the use of food additives 
affecting reproduction. Field studies using non-carcinogenic androgens 
and/or estrogens are recommended. 
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APPENDICES 
APPENDIX A 
EFFECT OF SELECTED OONCENTRA.TIONS OF DIETHYLSTILBESTROL 




























*Expressed in percentage of survival. 
1~Expressed in parts per million of fish food. 


















The upper fish was the largest individual among those fed 
food containing 100 ppm diethylstilbestrol from soon after 
birth :f'or a period of six months. (Weights 101.8 mg.). 
The lower fish was an adult male fed food containing 20 ppm 
diethylstilbestrol for six months. Normal colors, which 
had disappeared during the first three months of feeding, 
were now quite oonspiouous in the living specimen. 
(Weight: 482.2 mg.). . 
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APPENDIX B 
••• 1 • 
•• 
Appendix C 
The two fish at the top of the picture were adult males from 
the control g:rou.p. (Average weight: 150.l mg.). 
The two .fish aitthe bottom of the picture were adult males of 
the same age group fed food containing 20 ppm diethylstilbestrol 
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"5 ppm 
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RATE OF GAIN OVER STARTING WEIGHT BY GUPPIES FED 5-, 20-, ANO 100-PARTS 
PER MILLION CONCENTRATIONS OF DIETHYLSTILBESTROL MIXED WITH 
REGULAR FISH FOOD 
Fish were 1 to 7 days old at the start of the test. The rate of gain 
or loss for each test group is expressed in percentage of average 
increase at each weighing period over the average weight at 











5. 7 62.0 
l. 5 12.0 
4.1 36.6 
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48.8 420, 7 85.8 739,7 ii' 
125,5 1081,9 i 
53.1 450,0 94.5 800.9 c(' 
159, 0 1347, 5 ~ 
54.8 644,7 117.8 1385,9 d" 
180,1 2118,8 o 
+ 
52 • .s 422.4 136. 5 1092.0 c:l' 
l 98. 3 1 586. 4 :l-








*Regular weekly weighing was di~continued at the end of seven weeks, because sexual dimorphism becomes apparent at about this time 
(Goodrich, et al., 1934). The surviving fish were weighed after an additional six weeks of feeding t.he diethylstilbestrol-food mixture, 
Males and females could be separated in the control and 5-ppm aquaria, and were weighed separately. Sexes could not be distinguished among O"\ 
the fish fed the foo·d containing the 20- and 100-ppm concentrations, The figures for the last groups represent the average weight of all the Vt 
fish in· that group. 
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